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Abstract
Although outbreaks of Mycobacterium abscessus infection have been reported, none of these reports has identiﬁed the potential sources
of infection and modes of transmission. In April 2008, we identiﬁed and investigated an outbreak of M. abscessus skin and soft tissue
infections following acupuncture among the patients who visited an oriental medical clinic. Active surveillance of patients who had vis-
ited the clinic was conducted to deﬁne the extent of the outbreak. Environmental cultures and a case–control study were performed
to elucidate the source of infection and mode of transmission. From 1002 patients interviewed, 109 patients were identiﬁed as having
suffered M. abscessus skin and soft tissue infections at acupuncture sites. A single strain of M. abscessus was isolated from the wounds
of 31 patients and nine environmental samples, including a diluted glutaraldehyde solution. The case–control study revealed that a higher
numbers of visits to the clinic for acupuncture (adjusted OR (aOR) 20.12; 95% CI 4.34–93.35) and the use of interferential current ther-
apy or low-frequency therapy (aOR 36.12; 95% CI 5.54–235.44) were associated with the development of M. abscessus infection. The
contaminated diluted glutaraldehyde solution that was used to disinfect the physical therapy devices may have been the source of the
outbreak of M. abscessus infection in the 109 patients who underwent acupuncture.
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Introduction
Rapidly growing mycobacteria (RGM) are common in soil,
dust and water. RGM are known to cause respiratory infec-
tions, lymphadenitis, localized cutaneous infections and,
rarely, disseminated systemic illness. Skin and soft tissue
infections caused by Mycobacterium abscessus, Mycobacterium
fortuitum, Mycobacterium marinum and Mycobacterium ulcerans
have been reported to be associated with intramuscular injec-
tion, liposuction, plastic surgery of the breast, and haemodial-
ysis [1–4]. RGM are of particular public health concern as
nosocomial pathogens because they are resistant to standard
disinfectants, including chlorine, organomercurials, and alka-
line glutaraldehyde [5,6]. Incorrect use and management of
disinfectants can cause nosocomial outbreaks of RGM [7,8].
Acupuncture is one of the most common alternative
medical procedures, and is widely used in both Asian and
Western countries. Despite controversies surrounding its
effectiveness, acupuncture is generally regarded as a safe pro-
cedure. However, acupuncture can cause grave adverse
events, such as pneumothorax, viral hepatitis, and human
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immunodeﬁciency virus infection [9,10]. In addition, RGM-
associated skin and soft tissue infection associated with
acupuncture was reported in 2001 [11]. Subsequently, two
outbreaks of M. abscessus infection following acupuncture
were reported, although the exact source and mode of
infection were not identiﬁed in either case [12,13].
On 15 April 2008, a patient with multiple skin abscesses
at acupuncture sites visited a public health centre in Ansan,
Gyeonggi-do, Republic of Korea. Two days later, two more
patients reported similar skin lesions that had developed fol-
lowing acupuncture. In all three patients, empirical trials of
antibiotic therapy with drainage through an incision failed to
improve the lesions. Noticing that these three patients had
visited the same oriental medical clinic in Ansan for acupunc-
ture, the public health centre notiﬁed the Korean Centres
for Disease Control and Prevention of a possible outbreak
of acupuncture-associated infection.
On 18 April 2008, the practitioner of the clinic was inter-
viewed. He stated that the ﬁrst case had been recognized as
early as 11 February 2008, and an additional 42 patients with
similar symptoms had been identiﬁed. On 1 May 2008, a for-
mal epidemiological study was initiated by a team of person-
nel from the Korean Centres for Disease Control and
Prevention, the public health centre and the provincial gov-
ernment to investigate the outbreak. Meanwhile, M. abscessus
was isolated from a wound swab of the skin abscess in one
of the ﬁrst three patients, on 9 May 2008.
Methods
Patient identiﬁcation
Given that the incubation periods in the reported outbreaks
of M. abscessus skin infection were shorter than 3 months
[12,13], active surveillance of 1143 patients who had visited
the oriental medical clinic since 1 November 2007 was con-
ducted to deﬁne the extent of the outbreak. Among them,
1002 patients could be reached by telephone up to three
times. They were informed of the risk of M. abscessus infec-
tion and interviewed by telephone with a brief, standardized
questionnaire. Data collected included age, sex, clinical infor-
mation, pertinent details of the acupuncture procedure, and
the presence or absence of skin or soft tissue lesions. All of
the clinics and hospitals in the same district were also notiﬁed
of a potential outbreak of M. abscessus infection among
patients who had undergone acupuncture, and were
requested to report any patient with skin or soft tissue lesions
following acupuncture. All of the persons suspected of having
skin or subcutaneous lesions were examined by a board-certi-
ﬁed physician to determine the presence of M. abscessus infec-
tion. Erythematous papules, nodules or abscesses at an
acupuncture site were classiﬁed as infections caused by
M. abscessus. When possible, specimens for mycobacterial
culture were obtained from patients by needle aspiration, or
incision and drainage, and forwarded to the Korea National
Institute of Health for bacterial culture and identiﬁcation.
A conﬁrmed case of M. abscessus infection was deﬁned as
a person having at least one skin or soft tissue lesion located
at an acupuncture site from which the bacterium was
isolated. A clinical case was deﬁned as a person having skin
or soft tissue lesions at the acupuncture site from which
M. abscessus could not be cultivated or specimens could not
be obtained for culture.
The clinic and its staff
One practitioner (oriental medical doctor), an assistant nurse
and two other employees worked for the clinic. The practi-
tioner had practised acupuncture and herbal medicine in this
clinic for 12 years. Of the two employees, who lacked any
formal medical training, one assisted with the acupuncture
and one was in charge of boiling down medical herbs. The
procedure room contained eight beds and other equipment,
including low-frequency electronic therapy devices, interfer-
ential current therapy devices, and air massagers.
Acupuncture procedures
According to the patients’ needs, hot pack, low-frequency
therapy, interferential current therapy or cupping was
applied prior to acupuncture. After the skin was swabbed
with 75% ethanol, acupuncture was performed using dispos-
able needles. The acupuncture site in some patients was
redisinfected with 75% ethanol swabs afterwards. Moxibustion,
a form of ﬁre heat treatment that stimulates speciﬁc acu-
puncture points on the body, accompanied acupuncture in
most cases. After treatment of the last patient of the day
had been completed, the electrodes of low-frequency ther-
apy and interferential current therapy were soaked in diluted
(1%) glutaraldehyde solution overnight. The used diluted
glutaraldehyde solution was discarded the next morning. It
was reported that a large amount of diluted glutaraldehyde
solution had been prepared by adding the same amount of
tap water months before.
Environmental investigation
Fifty environmental specimens were collected from the clinic
for mycobacterial culture on 1 May 2008. Specimens were
taken from all devices and materials that could have come
into contact with the patient’s skin before, during and after
the acupuncture session, including disposable needles, for-
ceps, alcohol swabs, glass cups for cupping therapy, towels
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to wrap hot packs, electrodes for interferential current ther-
apy devices and low-frequency electric therapy devices, beds,
and an air massager. In addition, swab samples of the hands
and anterior nares were obtained from the practitioner who
performed the acupuncture and the three attendants in the
clinic. Water samples were taken from a sink, a water
bucket, faucets, and the water tank of the building. Undiluted
(2%) and diluted glutaraldehyde solutions used for disinfect-
ing medical equipment were also collected.
Laboratory studies
Patient specimens homogenized in phosphate-buffered saline
and environmental samples as either swabs or water concen-
trated by ﬁltration through 0.22-lm ﬁlters were inoculated
on blood agar plates and Middlebrook 7H10 agar plates, and
cultured at 37C for 5–6 days. Colonies were examined for
acid-fast bacilli by the Ziehl–Neelsen method [14], and pure
culture isolates were subjected to species identiﬁcation by
comparative sequence analyses of portions of the 16S rRNA
gene, hsp65 and rpoB, which were ampliﬁed by PCR [15–17].
Molecular comparisons of the isolates from patient and envi-
ronmental samples were performed by randomly ampliﬁed
polymorphic DNA PCR, employing four primers, INS-2,
IS986-FP, OPA2, and OPA18, as described by Zhang et al.
[18], and pulsed-ﬁeld gel electrophoresis analysis of the large
restriction fragments generated by digestion of genomic
DNA with AseI, as previously described for M. abscessus
[19]. Susceptibility of the isolates to amikacin, cefoxitin,
ciproﬂoxacin, clarithromycin, doxycycline, gatiﬂoxacin, imipe-
nem, levoﬂoxacin and sulfamethoxazole was determined by
the broth microdilution method [20].
Case–control study
Seventy patients, who agreed to participate, were enrolled in
a case–control study to identify the risk factors for
M. abscessus infection. For each enrolled case, one or two
age-matched, sex-matched and neighbourhood-matched con-
trols were selected from among patients who had undergone
acupuncture in the same clinic between 1 November 2007
and 1 May 2008 but had not shown skin or soft tissue
lesions. A standardized questionnaire eliciting demographic
data (age, sex, address, and occupation), current and past
medical histories, including the use of steroids or immuno-
suppressive agents, acupuncture history (purpose of acupunc-
ture, skin preparation, sites, and numbers of passages) and
additional therapeutic procedures (cupping, moxibustion,
interferential current therapy or low-frequency therapy, and
hot-pack application) was used for all interviews. This study
was approved by the Ethical Review Committee of Seoul
National University Hospital.
Statistical analysis
Univariate analyses were performed using Student’s t-test for
continuous variables and the chi-square test or Fisher’s exact
test for categorical variables. A p-value <0.20 was required
for entry into a binary logistic regression analysis model,
which was used to identify the risk factors associated with
M. abscessus infection. Binary logistic regression analysis was
performed using a forward stepwise selection method. Statis-
tical signiﬁcance was determined using a p-value <0.05. All
analyses were carried out using the software package SPSS
for Windows v. 12.0 (SPSS Inc., Chicago, IL, USA).
Results
Identiﬁcation of patients
Among the 1002 patients contacted, 109 who had developed
skin lesions compatible with M. abscessus infection at the
respective acupuncture sites were identiﬁed. No other
patient was reported by physicians working at clinics and
hospitals in the same district. Of 109 patients, 31 (28.4%)
were diagnosed as having conﬁrmed M. abscessus infection
and 78 (71.6%) were diagnosed as clinical cases. Nineteen of
the patients (17.4%) were male and 90 were female (82.6%).
The median patient age was 49 years (range, 31–81 years).
Most of the patients had at least one skin lesion (median, 3;
range, 1–32) (Fig. 1), and the most frequent sites of the
lesions were back/waist and thigh/buttock. The demographic
and clinical characteristics are summarized in Table 1.
The incubation time was calculated for 28 patients who
had only one acupuncture procedure or several procedures
within 7 days. The median incubation time was 4.75 weeks
(range, 1–15 weeks).
Laboratory results
Acid-fast bacilli were cultured from clinical specimens from
31 patients among samples from 36 patients. Nucleotide
sequences of the portions of the 16S rRNA, hsp65 and rpoB
were determined and analysed to identify the isolates as
M. abscessus. No other mycobacteria were isolated from the
patient specimens. Among 50 environmental samples exam-
ined, M. abscessus was isolated from nine samples taken from
diluted glutaraldehyde solution, electrodes for interferential
current therapy devices and low-frequency electric therapy
devices, beds, a sink, and a water bucket in the procedure
room. M. abscessus was not isolated from the undiluted (2%)
glutaraldehyde solution, the faucet, the tap water, or the
water tank in the building.
The 31 clinical isolates and nine environmental isolates
showed an identical pattern of DNA fragments ampliﬁed by
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randomly ampliﬁed polymorphic DNA PCR, which was dif-
ferent from the patterns generated from other M. abscessus
isolates unrelated to the outbreak (Fig. 2a,b). Pulsed-ﬁeld gel
electrophoresis analysis of the large restriction fragments
generated by AseI digestion of genomic DNA also resulted in
an identical pattern among the isolates (Fig. 2c), implying that
a single strain of M. abscess was involved in the outbreak.
All of the isolates showed similar antimicrobial susceptibility
proﬁles that were typical of M. abscess; they were sensitive to
amikacin and clarithromycin, and resistant to doxycycline and
sulfamethoxazole. MIC ranges for gatiﬂoxacin and levoﬂoxacin
were 2–8 mg/L and 4–16 mg/L, respectively.
Case–control study
Seventy patients and 106 control subjects who agreed to
provide detailed information were included in the case–con-
trol comparison; 27 of the 70 patients included as cases had
conﬁrmed M. abscessus infection. The patients and controls
TABLE 1. Demographic and clinical characteristics of patients with Mycobacterium abscessus infection following acupuncture
Characteristics Total patients Conﬁrmed patients Clinically diagnosed patients p-Valuea
No. 109 31 78 –
Females, no. (%) 90 (82.6) 24 (77.4) 66 (84.6) 0.372
Age (years), median (range) 49 (31–81) 49 (33–78) 51 (31–81) 0.324
No. of skin lesions, median (range) 3 (1–32) 4 (1–32) 2.5 (1–19) 0.013
Location of skin lesions, no. (%)
Back and waist 57 (52.3) 15 (48.4) 42 (53.8) 0.607
Thigh and buttock 40 (36.7) 12 (38.7) 28 (35.9) 0.783
Neck and shoulder 30 (27.5) 7 (22.6) 23 (29.5) 0.466
Upper limbs 18 (16.5) 8 (25.8) 10 (12.8) 0.100
Lower limbs 25 (22.9) 6 (19.4) 19 (24.4) 0.575
Abdomen and chest 2 (1.8) 1 (3.2) 1 (1.3) 0.490
Local symptoms, no. (%)
Erythematous nodule or mass 106 (97.2) 31 (100) 75 (96.2) 0.557
Abscess 19 (17.4) 4 (12.9) 15 (19.2) 0.432
Pain 71 (65.1) 23 (74.2) 48 (61.5) 0.211
Redness or swelling 62 (56.9) 17 (54.8) 45 (57.7) 0.786
Itching 47 (43.1) 11 (35.5) 36 (46.2) 0.310
Enlargement of draining lymph node 2 (1.8) 0 (0.0) 2 (2.6) 1.000
Systemic symptomsb 14 (12.8) 4 (12.9) 10 (12.8) 1.000
ap-Values are from comparisons between conﬁrmed patients and clinically diagnosed patients.
bSystemic symptoms include febrile sense, chill, and fatigue.
FIG. 1. Typical skin lesions due to
Mycobacterium abscessus infection after
acupuncture.
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were not signiﬁcantly different with respect to age, sex,
history of previous tuberculosis, or comorbidities, such as
diabetes mellitus, malignant diseases, immunosuppressed
state, and chronic kidney disease (Table 2).
In the univariate analysis, a higher number of days on
which there were visits for acupuncture (p < 0.001), a higher
number (‡10) of needle passages per day (p < 0.001), the
use of interferential current therapy or low-frequency ther-
apy (p < 0.001), and the application of a hot pack (p 0.004)
were all signiﬁcantly associated with M. abscessus infection.
However, skin preparation using ethanol swabs before acu-
puncture (p 0.001) and fewer needle passages (one to nine
passages) per day (p < 0.001) were found to reduce signiﬁ-
cantly the risk of M. abscessus infection (Table 3).
A multivariate analysis was conducted that included vari-
ables showing a p-value <0.2 in the univariate analysis. The
following variables signiﬁcantly increased the risk of
M. abscessus infection: a higher number (‡10) of days on
which there were visits for acupuncture (adjusted OR
(aOR) 20.12; 95% CI 4.34–93.35) and the use of interferen-
tial current therapy or low-frequency therapy (aOR 36.12;
95% CI 5.54–235.44). In contrast, a signiﬁcantly reduced
risk of infection was found for patients whose skin was
treated with ethanol swabs prior to acupuncture
(aOR 0.19; 95% CI 0.06–0.64) or who had acupuncture
performed on the head and neck (aOR 0.10; 95% CI 0.32–
0.45) (Table 4).
Discussion
Outbreaks of M. abscessus infection have been reported
among patients who had visited a cosmetic surgical clinic, a
physician’s clinic, and an acupuncture clinic [3,12,13,21].
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FIG. 2. Comparative analysis of representative Mycobacterium abscessus isolates by randomly ampliﬁed polymorphic DNA PCR (RAPD-PCR) and
pulsed-ﬁeld gel electrophoresis (PFGE). (a) DNA fragments ampliﬁed by RAPD-PCR using the primer IS986-FP [18]. (b) DNA fragments ampliﬁed
by RAPD-PCR using the primer INS-2 [18]. (c) PFGE patterns of genomic DNA digested with AseI. Lanes 1 and 14: size markers. Lanes 2–5:
environmental isolates from the diluted glutaraldehyde solution (lane 2), the electrode of an interferential current therapy device (lane 3), the
bed (lane 4) and the sink (lane 5) in the treatment room. Lanes 6–10: clinical isolates from patients who developed M. abscessus infection at dif-
ferent time-points during the period of the outbreak. Lanes 11–13: M. abscessus isolates from pulmonary infections unrelated to the outbreak.
All of the isolates from patient and environmental samples generated identical patterns, implying genetic relatedness of the isolates.
TABLE 2. Comparisons of baseline
characteristics between patients
with Mycobacterium abscessus infec-
tion (cases) and healthy controls
Characteristics Cases Controls p-Value
No. 70 106 –
Females, no. (%) 58 (82.9) 85 (80.2) 0.698
Age (years), median (range) 45 (31–70) 43 (30–72) 0.104
History of previous tuberculosis, no. (%) 3 (4.3) 3 (2.8) 0.683
Comorbidities, no. (%)a
Diabetes mellitus 5 (7.1) 7 (6.6) 1.000
Malignant disease 4 (5.7) 2 (1.9) 0.217
Immunosuppressed state 1 (1.4) 1 (0.9) 1.000
Chronic kidney disease 1 (1.4) 0 (0) 0.398
aThe presence of comorbidities is based on interviews.
CMI Koh et al. M. abscessus outbreak following acupuncture 899
ª2009 The Authors
Journal Compilation ª2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16, 895–901
However, none of these studies elucidated the source of
infection and mode of transmission.
To characterize an acupuncture-associated outbreak of
M. abscessus infection involving 109 patients, environmental
cultures were obtained and a case–control study was con-
ducted. A single strain of M. abscessus was isolated from
patient and environmental samples taken from the diluted glu-
taraldehyde solution used for disinfection, electrodes used for
interferential current and low-frequency therapies, beds, sinks,
and a water bucket. The case–control study revealed that a
higher number of days on which there were visits to the clinic
for acupuncture and the use of interferential current therapy
or low-frequency therapy were associated with the develop-
ment of M. abscessus infection at the acupuncture sites. In
contrast, disinfection of the skin with ethanol prior to the pro-
cedure and acupuncture on the head and neck were inversely
related to the risk of developing M. abscessus infection.
On the basis of these results, we conclude that the diluted
glutaraldehyde solution, which had been prepared several
months before and contaminated with M. abscessus, was the
source of the outbreak. During the disinfection process, this
solution may have contaminated the electrodes for interfer-
ential current and low-frequency therapies with M. abscessus.
In turn, these devices transmitted the agent to the skin of
each patient during physical therapy. Finally, M. abscessus
may have penetrated the skin along with the needles when
acupuncture was performed. The lower incidence of
M. abscessus infection among patients who underwent acu-
puncture on the head and neck supports this explanation, as
interferential current therapy and low-frequency therapy
were rarely performed on these parts of the body. Person-
to-person transmission through the electrodes and the
diluted glutaraldehyde solution was unlikely, because the
used solution was discarded every morning.
Although we were not able to isolate M. abscessus from
the tap water and the faucet in the clinic, we suspect that
M. abscessus, which was present in the contaminated solu-
tions, may have come from the tap. This assumption is based
on previous reports on the isolation of various mycobacterial
species from hospital water supply systems [22,23]. The fact
that M. abscessus was isolated from the sink and the water
bucket used in the clinic supports the notion of the tap
water being the source of M. abscessus.
Alkaline glutaraldehyde is commonly used as a disinfectant
for medical equipment, because it shows wide-spectrum ger-
micidal activity [24]. Improperly used, however, glutaraldehyde
would not be effective as a disinfectant. If glutaraldehyde solu-
tion is applied to an instrument that is not completely dried, it
can be diluted to a sub-effective concentration during the pro-
cess, resulting in a failure to kill bacteria [25]. Moreover, RGM
are relatively resistant to glutaraldehyde [6]. Indeed, glutaral-
dehyde solutions contaminated with Mycobacterium chelonae
were reported as the source of a previous pseudo-outbreak
associated with an endoscopic procedure [8].
In the present study, skin preparation with 75% ethanol
prior to acupuncture was associated with a reduced risk of
M. abscessus infection. As ethanol has antibacterial activity
against a wide spectrum of microorganisms, including
TABLE 3. Risk factors for the
development of acupuncture-
associated Mycobacterium abscessus
infection (univariate analysis)
Variables Cases Controls p-Value
No. 70 106 –
No. of visits to the clinic for acupuncture (days), median (range) 7 (1–31) 2 (1–60) <0.001
Average no. of needle passages per day (%)
1–9 33/70 (47.1) 76/99 (76.8) <0.001
‡10 37/70 (52.9) 23/99 (23.2) <0.001
Location, no. (%)
Upper extremities 35 (50.0) 55 (51.9) 0.878
Lower extremities 40 (57.1) 46 (43.4) 0.090
Chest and abdomen 7 (10.0) 15 (14.2) 0.490
Head and neck 9/70 (12.9) 24/106 (22.6) 0.118
Disinfection with ethanol swab, no. (%)
Before acupuncture 13/51 (25.5) 41/72 (56.9) 0.001
After acupuncture 27/54 (50) 44/81 (54.3) 0.725
Additional procedure before acupuncture, no. (%)
Cupping 33/68 (48.5) 58/106 (54.7) 0.441
Moxibustion 41/68 (60.3) 45/101 (44.6) 0.060
Interferential current therapy or low-frequency therapy 63/68 (92.6) 60/106 (56.6) <0.001
Hot pack 63/68 (92.6) 79/105 (75.2) 0.004
Taking a bath on the day after acupuncture, no. (%) 13/65 (20.0) 33/100 (33.0) 0.074
TABLE 4. Risk factors for the development of acupuncture-
associated Mycobacterium abscessus infection (multivariate
analysis)
Variables p-Value OR and 95% CI
Location
Head and neck 0.003 0.10 (0.32–0.45)
No. of visits to the clinic for acupuncture
5–9 days 0.015 5.17 (1.38–19.36)
‡10 days <0.001 20.12 (4.34–93.35)
Interferential current therapy or
low-frequency therapy
<0.001 36.12 (5.54–235.44)
Disinfection with ethanol swab
before acupuncture
0.007 0.19 (0.06–0.64)
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mycobacteria [26–28], skin preparation with ethanol would
serve as an effective disinfection method for invasive proce-
dures, including intramuscular injection and acupuncture.
However, for the prevention of mycobacterial infection, the
need to wait an adequate amount of time after ethanol appli-
cation should be stressed, as the exposure interval required
to reduce mycobacterial counts is signiﬁcantly longer than
those needed for other bacteria [29]. At a minimum, a 1-min
waiting period is recommended to ensure protection against
mycobacteria [29]. This is particularly true for acupuncture,
which involves numerous skin punctures and frequent repeti-
tion in a limited period. As acupuncture carries a risk of
RGM infection, a sufﬁcient waiting period after skin prepara-
tion with ethanol should be employed.
In conclusion, we report an outbreak of M. abscessus infec-
tion following acupuncture that involved 109 patients. The
contaminated glutaraldehyde solution used for disinfecting
the physical therapy devices appeared to be the source of
infection. Proper management of diluted glutaraldehyde solu-
tions and adequate use of ethanol swabs for skin preparation
could prevent future outbreaks of M. abscessus infection.
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